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（RSD，Relative Standard Deviation）分别为4.0%和1.0%（n = 7）。实际水样的测






nm检测。方法检测限为2.6 nmol/L，线性范围5-200 nmol/L，样品分析速度为6 样
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Nitrate and nitrite are the main species of nitrogen in environmental waters. The 
demand of basic data for global nitrogen cycle research and environmental health 
protection, urgently requires accurate, sensitive and fast determination of these two 
compounds in aquatic ecosystems. Hence, it is always an active topic for developing 
new analytical methods for the determination of nitrate and nitrite in environmental 
waters. There are numerous developed methods to fulfill the aim of measurements, 
however, some problems are still remained. For measuring nitrate and nitrite at 
nmol/L level in complicated matrices, for example, the open ocean seawater, defects 
of matrix interference and high cost of instrument are existing, when using high 
sensitive methods. The reagents of some accepted methods employed for regular 
analysis at μmol/L level, are usually poisonous and hazardous. For measuring the 
analyte at mmol/L level in complicated matrices, accepted methods have some 
drawbacks, regarding to matrix interference, as well as ease to use. In on-field 
monitoring, there is a lack of simple, robust and low cost instrument. In order to 
solve these problems, five methods have been developed in this thesis. The main 
contents and results are as follows: 
(1) An automatic system for determination of nitrite at nmol/L level in seawaters 
using on-line solid-phase extraction (SPE) with spectrophotometric detection had 
been proposed. A Hydrophile-Lipophile Balance (HLB) SPE cartridge was adopted 
to quantitatively enrich the azo compound, formed from nitrite via Griess reaction. 
After enrichment, the cartridge was rinsed with water and ethanol (55%, v/v), in turn, 
eluted by an eluent containing 50% (v/v) ethanol and 0.25 mol/L H2SO4, and then 
determined at 543 nm. The limit of detection (LOD, 3σ) was estimated to be 0.5 
nmol/L. The calibration curve showed a good linearity in the range of 1.4-85.7 
nmol/L. The relative standard deviations (RSDs) were 4.0% and 1.0% (n = 7) for 
nitrite standards at 7.1 nmol/L and 28.6 nmol/L, respectively. The sample throughput 















application of the proposed system to natural water samples showed good agreement 
with that of liquid waveguide capillary cell detection (LWCC) method. The 
proposed method was sensitive and free of interference from matrix, and the 
automatic system was robust, low cost and fit for on-field application. 
(2) Based on method (1), an automatic system for determination nitrate at nmol/L 
level in seawaters using on-line SPE with spectrophotometric detection had been 
established. Nitrate was reduced to nitrite with a copper-coated cadmium reduction 
column, and then the reduced nitrite formed azo compound via Griess reaction, 
which was then extracted on HLB SPE cartridge, eluted with a solution containing 
ethanol and H2SO4, and finally spectrophotometric detected at 543 nm. The LOD of 
the proposed method was 2.6 nmol/L, and linear range was 5-200 nmol/L. The 
sample throughput was 6 /h. The RSD for measuring a nitrate standard at 100 
nmol/L was 3.2% (n = 11). The comparison results of the proposed system and a 
FIA-LWCC method showed no significant different between the data obtained with 
the two methods. The recoveries of spiked surface seawater samples were 105.5 ± 
9.4%. Taking the advantage of the enclosed flow system, the potential interference 
from circumstance was elimited. The system had been successfully applied on 
shipboard during a cruise of 30 d in South China Sea, and more than 150 surface 
seawater samples were on-filed analyzed. 
(3) A flow analysis system coupled with SPE and LWCC spectrophotometric 
detection was established to simultaneously determine nitrite and nitrate at nmol/L 
level in seawaters. The principles of chemistry and enrichment of the proposed 
method were the same as those of methods (1) and (2), and the azo compound that 
formed from nitrate and nitrite in samples was eluted from HLB SPE cartridge and 
detected with a high sensitive LWCC detector equipped with a Type-I Teflon AF 
capillary of 16 cm path length. With less than 5 mL of sample, LODs at nmol/L level 
were obtained. The LODs for nitrate and nitrite were 1.5 nmol/L and 0.3 nmol/L, 
respectively. The consuming time for each sample was shorter comparing with 
methods (1) and (2), and the throughput for simultaneously determining two 















1-100 nmol/L, respectively. The RSDs for both compounds were less than 4.3% (n = 
7). Due the hyphenation of SPE and LWCC, the interferences, such as adsorption of 
hydrophobic compounds on the LWCC wall and Schlieren effect from matrix, could 
be avoided; and method sensitivity was increased with long path-length detection 
cell. The proposed method has been successfully applied to the determination of 
nitrite and nitrate at nmol/L level in seawaters. 
(4) A reversed flow injection analysis system with UV-induced reduction of nitrate 
to nitrite and spectrophotometric detection was developed. Currently, the most 
commonly accepted method for nitrate measurement is based on the reduction of 
nitrate to nitrite then the formation of an azo compound, and followed by the 
spectrophotometric detection. The widely used reduction reagents, such as cadmium 
and hydrazine sulphate, however, are poisonous and hazardous. This study aimed to 
develop an environmental friendly method using UV-induced reduction of nitrate to 
nitrite. Sample or standard solution was mixed with a phosphate buffer solution 
containing diethylenetriaminepentaacetate, and then passed through a UV reduction 
reactor equipped with an 8 W low pressure mercury lamp, where the nitrate was 
reduced to nitrite. The formed nitrite was detected with spectrophotometric method 
via Griess reaction. The LOD was 0.053 μmol/L and linear range was 0.2-40 μmol/L. 
A sample of 20 μmol/L nitrate was continually measured, and a RSD of 2.2% (n = 
48) was obtained. The sample throughput was 13 /h. The recoveries of drinking 
waters were between 90.9%-100.6%. Less than 20 μmol/L of nitrite showed no 
effect on the nitrate analysis. Reduction efficiency higher than 80% was obtained. 
The proposed method was free of poisonous and hazardous reduction reagents, and 
the UV reduction reactor was simple, efficient and long lifetime. The proposed 
method was fit for further developing to in situ instrument for continually 
monitoring drinking water. 
(5) An UV-light emitting diode (UV-LED) based photometric detector was 
developed for gas-phase molecule absorption spectrometric (GPMAS) detection. 
This detector included a 255 nm UV-LED as the light source, a polyvinyl chloride 















the transmitted light intensity. The UV-LED detector was compact, robust, simple 
and of low heat production. Based on combination of the UV-LED detector and flow 
analysis technique, an automatic GPMAS system was developed and applied to 
determine nitrite and nitrate in water samples. For nitrite measurement, citric acid 
was used to acidify the sample, and ethanol was to catalyze the quantitative 
formation of NO2. The produced NO2 was purged with an air flow into the UV-LED 
detector, and the gaseous absorbance was measured. The nitrate could be determined 
after being reduced to nitrite with a copper-coated cadmium column. LODs for 
nitrate and nitrite were 12 μmol/L and 7 μmol/L, linear ranges were 0.036-4 mmol/L 
and 0.021-5 mmol/L, and RSDs were 1.1% and 1.8% (n = 10, both at 2 mmol/L), 
respectively. The sample throughputs for nitrate and nitrite were 5 /h and 7 /h. The 
reagents used in this method were less harmful and ease to obtain. The proposed 
method was suit for directly determining nitrate and nitrite at mmol/L in complicated 
matrix without dilution. With the UV-LED based detector, some on-field or portable 
GPMAS analytical instruments can be realized. 
 
Keywords: nitrate; nitrite; environmental waters; seawater; on-field; solid-phase 
extraction; spectrometry; liquid waveguide capillary cell detection; flow analysis; 
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